INTRODUCTION
The problem of the correct proceeding of wastes, their economic utilization and protection against their harmful effects belong to the most important environmental issues. Waste management, which are the result of civilization development is also an important socio--economic problem. It requires both the relevant legal norms and effective technological solutions.
To determine the type of generated wastes and the possibilities of their utilization without a negative impact on the environment, wastes classifi cation is needed, taking into account inter alia their genesis, properties, ecological harmfulness and utility. There are many division criteria of wastes but the most important are these which are characterized by physicochemical, biological, technological and economic properties such as the source, the criterion of raw materials, physical state, chemical composition and toxicity 1 . According to the Act on Waste of 27 September 2001, one of the easiest way of wastes classifi cation is their division according to the source of origin and the possible environmental risks. Among them a group of industrial waste is distinguished 1,2 . The diversity of industrial activity generates a considerable amount of various wastes. Intensive industrial activity and a simultaneous increase in demand for food cause a systematic decrease in agricultural production area. An important current issue is thus to increase agricultural productivity in connection with rational utilization of wastes generated in industry.
An alternative way of the utilization of by-products and wastes from various departments and sectors of the economy is their use for remediation, soil conditioners and fertilization. For this kind of management substances and compounds containing in their composition organic matter and nutrients are especially suitable. However, in most cases the waste before using must be subjected to various physicochemical processes. The aim of this activity is the hygienisation and elimination of harmful substances and compounds. Before agricultural utilization of wastes, particularly unconventional, there is a necessity to control their composition. In addition, the fertilizer market demands and technological progress tend to use wastes in the best shape and form allowing for easy, safe for humans and the environment using, as well as increasing the effi ciency of the impact on soil and plants 1-6 . Among the industrial wastes in Poland a large part of them constitute waste materials generated in the process of extraction, enrichment and processing of minerals and whose main source is mining and energy industry. In agriculture, due to the amount and favorable properties is the utilization of waste lignite. They are the subject of many studies, which consequently allow defi ning their agricultural usefulness and utilization in a wide range of fertilizer products. For agricultural advantages of lignite organic matter content, including its key componenthumic acids is primarily responsible 1,7-12 .
Lignite -the possibility of utilization in agriculture Brown coals in terms of biochemical processing degree constitute a transitional stage between peat and coal. The technical and chemical parameters of lignite determine its position in the coalifi cation process chain. The content of carbon in lignite as solid fuel determines the amount of heat generated during its combustion (heat of combustion). The largest percentage of carbon is in the coal (up to 97% of combustible mass), less in the lignite (less than 80% of combustible mass), wood and peat (more than 50% of combustible mass). The type of plant matter from which lignite is formed and the conditions of its formation greatly impact its characteristics and properties. Taking into consideration the degree of coalifi cation and the physicochemical properties, including primarily the moisture content and external appearance of lignite, lignite can be classifi ed into the following groups:
-soft lignite -low degree of coalifi cation, basic petrographic variations thereof are earthy and shale of lignite, which are characterized by a moisture content from 70 to 40 wt%, a color pale-brown or brown-black and poorly concise structure.
-hard lignite is characterized by a high degree of coalifi cation, in which the moisture content is in the range of 40-20 wt%, concise structure, high mechanical strength, color from brown to black, and varying degrees of gloss, under which it is divided into matte and glossy lignite.
-xylite lignite, which is often classifi ed as soft sort of the lignite, is characterized by a well-preserved wood structure 7-9 . In the area of Poland the deposits of xylite and soft lignite, especially the earthy sort of them, prevail. The deposits of lignite originate mainly from the period of the Lower Jurassic, Upper Cretaceous and Tertiary, whose average calorifi c value ranges from 6.3 to 10.9 MJ/kg. Lignite in the dominant degree is used for energy purposes, however in the age of rational utilization of non-renewable resources, technological progress leads to the focus on lignite utilization outside the energy sector such as agriculture or chemistry. For agricultural purpose brown coals with low energy value, which are often a waste during raw material exploitation, are used. Their application as a rich source of organic matter and minerals is also a rational way of managing them
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. As solid fuel lignite consists of a combustible mass (combustible substance) containing, except pure carbon (C), a number of chemical compounds of carbon with hydrogen (H 2 ), oxygen (O 2 ), nitrogen (N 2 ) and sulfur (S) as well as the so-called ballast. The ballast includes ash and water. The content of non-combustible mineral substance (ash) and its composition adversely affect the quality lignite as a fuel (heat of combustion) and its suitability for energy purposes. Combustion of lignite in power stations causes the formation of large amounts of heaps of fl y ash, which are stored in its vicinity. The waste stored in this way is heavy for the environment. Due to its composition, however it may be a benefi cial component of fertilizer. Ashes from lignite are a valuable source of Ca, Mg, Fe, B, Na, Mo, Cu, Zn, P, K and are currently used in agriculture 9,13-15, 18 . These features which indicate unsuitability of lignite as a fuel are simultaneously benefi cial parameters that provide the possibility of lignite utilization in agriculture. And conversely, these features that determine the energy value of lignite are often unfavorable from the fertilizing point of view.
Due to the lower degree of coalifi cation and calorifi c value as well as high content of humic substances, lignite is becoming a valuable component of fertilizer. Humic acids in lignite are also a component of soil organic matter and their benefi cial complexing and sorption properties is a factor in favor of the desirability of their use both in agriculture and other industries 19-23 . Benefi cial for agriculture properties of lignite and development widely understood of the fertilizer industry create a wide spectrum of its possible ways of using. The fertilizing properties of lignite have long been known, however large market requirements and ecological conditions contribute to the search for new and more innovative technologies to enable effective utilization of such material in agriculture. To meet the needs of fertilizer market and to improve the quality of fertilizers it seems reasonable to introduce the product in the form of preparations of humic acids obtained from lignite 11,16,24 . The idea of obtaining humic acids from the national deposits of lignite tends to reconcile economic development with rational waste management of the mining industry and global balance of ecosystems 1, 25 .
The idea of the preparation process of humic acids from lignite A determining factor infl uencing the degree of humic acids extraction from lignite and their physicochemical properties is a selection of raw material and an alkaline agent.
The concept of obtaining humic acids involves two stages. In the fi rst step lignite is subjected to a chemical extraction process using alkali factor to obtain an extract of humic acids (fulvic and humic). In a second stage precipitation of humic acids from the extract by acidifi cation of the environment takes place. The process of the preparation of humic acids using an alkaline extraction method is a relatively easy but time consuming way of obtaining them. This method is accompanied by the formation of waste products, primarily the solid ones. These wastes constitute approximately 20% of the initial amount of raw materials, which were put into the extraction process. In the light of environmental laws in the fi eld of waste management, the aim of this work is to estimate the possibility of using waste lignite as a raw material in the process of obtaining humic acids and an attempt to assess the validity of the use of alkaline extraction with regard to waste management -post--extraction waste of lignite 20,21,25-27 .
EXPERIMENTAL
The range of the research presented in the work can be divided into three stages. The fi rst step involves chemical and physicochemical characteristics of lignite for its possible use as a raw material for humic acids preparation. The next stage concerns the process of obtaining humic acids from lignite by using the alkaline extraction method. After the extraction process of humic acids and considering the possibility of using the alkaline waste formed during the process, the number of studies was made supporting the choice of the best solution of its utilization.
MATERIALS AND METHODS

Characteristics of lignite
The suitability of lignite as an optimal source of humic acids indicates mainly the content of humic substances and minerals. For this purpose brown coals from 4 major deposits of this raw material in Poland were examined. Brown coals from the basin of Bełchatów, Turów, Konin and Sieniawa Lubuska were examined. For the chemical and physicochemical characteristics of the examined brown coals samples in air-dry state, crushed to a grain size below 0.5 mm were used.
As a part of physicochemical characteristic of national brown coals, in the samples of raw material the content of organic carbon, phosphorus, total nitrogen, moisture as well as the value of pH in water and KCl solution, were determined. Samples of brown coals were also subjected to multi-elemental analysis. The content of the following elements: Ca, Mg, Na was determined using ICP-OES. The analyses were carried out in the Chemical Laboratory was calculated.
The extraction process of humic acids from lignite
On the basis of brown coals analysis, the lignite from Sieniawa Lubuska was selected for further study. The process of alkaline extraction was performed using 0.1 M NaOH. The weight ratio of lignite to the extraction solution was 1:10. The process was carried out at room temperature, the time of contact and mixing reaction components did not exceed 24 hours.
The alkaline extraction process of humic acids from lignite lies in the fact that lignite is extracted with using the alkaline solution (extrahent), the precipitate (alkaline waste) is separated from the extract and humic acids are precipitated by acidifi cation with 2M H 2 SO 4 solution to pH about 2. Next the precipitated humic acids are separated from the solution and depending on the needs, they are dried and subjected to further processing. A schematic process of obtaining humic acids from lignite is shown in Figure 1 . In the process the so-called alkaline waste is formed as a by-product. minerals and calcium hydroxide. In assessing the post--extraction waste and the possibilities of its utilization the same determinations as in the case of raw brown coals were carried out. Moreover, the content of selected heavy metals was determined and in the framework of a proposal to this waste utilization in the combustion process, it was characterized by determining the following parameters: W a -the content of moisture in the analytical state, W .
RESULTS AND DISCUSSION
One of the criteria for assessing the possibility of using lignite as a raw material for the preparation of humic acid is its chemical composition, in particular the content of organic matter. The chemical characteristics of the examined brown coals are shown in Table 1 . The high content of organic matter in the examined raw materials is shown by a signifi cant content of organic carbon.
The studies also show that lignite, although to a small extent, is also a source of calcium, magnesium, nitrogen, phosphorus and sodium.
Mineral substances of lignite exist as a separate inorganic material and then their content is random. More often, however, minerals are associated with organic matter of lignite, mainly due to the reactive functional groups of humic acids. The ability of humic substances of lignite to bind metals in the form of salts or complex compounds determine the availability of nutrients for plants.
In the process of determining the possibilities of using lignite for fertilizing purposes, the pH value has also a huge meaning. All the examined brown coals are characterized by a pH close to neutral.
The water content in the analytical state of brown coals has rather wide limits and is up to 35 wt%. The moisture of lignite as a fuel is an undesirable feature because of the diffi culty of ignition and its calorifi c value decrease. Due to the agricultural usefulness this parameter contributes to the improvement of water-air conditions of soil and thus has a benefi cial effect on plant growth.
According to the literature, the heat of combustion of brown coals containing from 10 to 75% of the total The by-product (solid waste) which is accompanied to the extraction process of humic acids from lignite using 0.1 M NaOH contains primarily organic residue of lignite, Table 2 . Summary of chemical composition and physicochemical parameters of alkaline waste after extraction of humic acids from lignite (Sieniawa Lubuska) with 0.1 M NaOH Table 3 . The average composition of heavy elements in the waste after humic acids extraction from lignite (Sieniawa Lubuska) using 0.1 M NaOH moisture is at the level from 6700 to 25000 kJ/kg. Other sources of literature regarding the classifi cation of brown coals report that the group of energetic brown coals may already include those whose calorifi c value in the working condition and when the total moisture -W r t = 50%, is above 6.7 MJ/kg. The fuel parameters of the examined brown coals indicate that they belong rather to the low-calorie coals.
The results of physicochemical analysis of the examined brown coals allowed us to select lignite from the deposit of Sieniawa Lubuska as a raw material in the process of obtaining humic acids on a laboratory scale. The main determinant which has infl uence on the choice of raw material was fi rst of all the high content of organic carbon. The effi ciency of humic acids extraction is determined not only by raw material which are extracted but also by the physicochemical parameters of the process. One of the most important is the selection of appropriate extractant. In the extraction process of humic acid an alkaline solution of 0.1 M NaOH was used.
The process of obtaining humic acids is accompanied by the formation of alkaline waste. Alkaline waste is the main by-product of the direct extraction of humic acids from lignite using the solution of sodium hydroxide. The composition of such waste is partly dependent on the type of the used extractant. Due to the application for the extraction solution of sodium hydroxide (presumably) the main substances in the solid phase, which are part of the waste are: calcium hydroxide, a signifi cant part of lignite organic matter and compounds in trace amounts, which after separation of solid and liquid phases, passed along with a solution to the solid phase.
Taking into consideration the possibility of recycling alkaline waste, a number of studies were carried out. The results systematized and summarized in Tables 2  and 3 . To observe and identify changes in the chemical composition and physicochemical properties of lignite before (raw lignite) and after (alkaline waste) alkaline extraction, the results of the analysis of the initial sample are also demonstrated in the tables.
Alkaline waste which was formed after the extraction with sodium hydroxide, contains a signifi cant content of water. The total moisture is about 80 wt%. The ignition loss consists primarily of organic and some inorganic compounds, which decompose during annealing.
The content of organic matter in terms of the quantity of organic carbon in the waste does not exceed 26 wt%.
The content of organic carbon in the alkaline waste corresponds mainly with this in humic acids (fulvic and humic) and depends on the ability of the extraction and the nature of the reagent used in the process. The higher content of C org in the form of extractable organic compounds, the lower is this content in the waste after the extraction. This relationship provides the possibility of displacement from lignite acidic compounds such as humic compounds which are a source of available forms of nutrients, including organic carbon.
Other components of the waste present in minute quantities, and their average content does not exceed 1%. The content of minerals in alkaline waste is usually lower than that in the input raw material. The decrease of the content of Ca and Mg in alkaline waste indicates the validity of the assumption that during the extraction of humic acids from lignite with sodium hydroxide the displacement of base cations associated with organic matter by sodium ions, forming soluble compounds in an alkaline medium, occurs. However, the use of NaOH as the extracting agent leads to the introduction of the additional quantities of sodium.
Waste after alkaline extraction of humic acids from lignite has alkaline properties. It is evidenced by the pH value, which in water is 9.37. The pH of the waste measured in KCl solution is slightly less and arises from the fact that some K + ions undergo exchange reaction with the least bound H + ions that pass into a solution. The important information about wastes is also the content of toxic elements. It is one of the criteria used for the qualifi cation of the waste. The content of heavy metals in alkaline waste after the extraction of humic acids from lignite is so small that they can be disregarded in assessing its suitability for agricultural purposes. The average composition of the harmful elements is shown in Table 3 . Table 4 shows the results regarding the fuel properties of alkaline waste after the extraction process with 0.1 M NaOH. For comparison, measurements were also performed for a sample of the raw lignite.
The quality of the post-extraction waste with regard to energy can be assessed by referring to the defi nition of combustion heat and calorifi c value. The composition and parameters of the examined waste in the working state directly and best characterized the possibility of their management by combustion. The average calorifi c value (Q r i ) of polish brown coals in the working state oscillates between 6.7-10.9 MJ/kg. The calorifi c value of the examined waste does not fall within this range. Alkaline waste as a direct by-product in the process of obtaining humic acid contains considerable amounts of water. High content of moisture in the samples has a negative impact on the ignition and reduces their calorifi c value. Disposal of waste in the thermal way requires additional processing of the material or supplying additional fuel to maintain the combustion process. Modifi cation processes of waste focus mainly on the transformation to remove the excess moisture from the potential energy materials. They are therefore: thickening, dewatering and drying the waste, leading to increased effi ciency and profi tability of the combustion process. The validity of using this type of treatment confi rms the calorifi c value in the analytical state. For waste formed during alkaline extraction of humic acids from lignite by using 0.1 M NaOH this parameter reaches the value of 18031kJ/ kg and is comparable or even greater than that in the case of raw lignite.
In addition, the content and composition of the non--combustible mineral substance (ash) affect the effi ciency of waste combustion process and its suitability for energy purposes. In the case of alkaline waste it is equal to 17.3 wt%. This value is in the range of the technological parameters of typical brown coals, which establish the ash content in the energetic materials from 8 to 30%.
SUMMARY AND CONCLUSIONS
Rational management of mining waste is one of the main environmental issues. In the age of rational and effi cient utilization of non-renewable resources, brown coal industry should also become part of other sectors of the economy, including the fertilizer industry. These features that indicate unsuitability of lignite as a fuel are simultaneously the benefi cial parameters that provide the possibility of using of lignite in agriculture. Brown coals with a low energy value, which often are a waste in mines, can be successfully used in agriculture as a fertilizer component.
The number of physicochemical properties of humic substances, the changing trends on the fertilizer market, innovation factor and ecological conditions contributed recently to the increasing of interest in humic acids. The suitability of lignite as a raw material in the process of obtaining such a valuable humic acids is provided primarily by the content of C org and to a lesser extent, the contents of minerals. A determining factor infl uencing the degree of humic acids extraction from lignite is except the raw material the choice of extractant.
The idea of obtaining humic acids from the national lignite by using 0.1 M NaOH, according to the Principles for Sustainable Development includes productive, economic, social and ecological purposes. The introduction of this type of solution, is however associated with the formation of alkaline waste. The chemical composition, physicochemical parameters and fuel properties of post--extraction waste indicate the possibility of its recycle in thermal way. The condition for the proper conduct of the post-extraction waste combustion process is its pretreatment. The processes of thickening, dewatering and drying are focused mainly on removing the water contained in the waste. Treatment of the post-extraction waste will allow its effective and profi table combustion.
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